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Abstract 
Alcohol vapors sensitivity of a device based on a single mode optical fiber end-face coated with a thin zinc oxide 
(ZnO) film is presented. The overlays were deposited by Atomic Layer Deposition (ALD) method on both optical 
fiber tips and silicon reference wafers, and subsequently characterized by means of spectroscopic ellipsometry and 
scanning electron microscopy. It has been found that the ZnO films show very high quality and they are conformal 
over the surfaces. The thin ZnO film forms a Fabry-Perot interferometer at the fiber end-face which properties change 
when the tip is exposed to alcohol vapors. The response of the structure to isopropanol vapors is shown and discussed 
for different thickness of the ZnO film.  
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1. Introduction 
There is a growing demand for compact, robust,  and highly sensitive gas sensors, mainly for industrial 
purposes. Optical fiber sensors can easily meet mentioned demands. There is a number of works 
published on application of optical fibers coated with films initiating or enhancing sensitivity of such 
structures to presence of chemical compounds or biological molecules [1-3]. The application of zinc oxide 
 
* Corresponding author. Tel.: +48-22-234-63-64; fax: +48-22-234-60-63. 
E-mail address: M. Smietana@elka.pw.edu.pl. 
Available online at www.sciencedirect.com
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1082   Mateusz mietana et al. /  Procedia Engineering  47 ( 2012 )  1081 – 1084 
(ZnO) films has also been studied, due to sensitivity of the films to a number of measurands [4]. It was 
previously reported that ZnO thin films can be used to detect presence of alcohol vapors [5]. In most of 
the detection schemes when transmission of the sensor is measured, the film changing its optical 
properties under influence of the stimulant is typically deposited  with a dip-coating method on the side of 
the fiber. The size of the device in such measuring scheme is significant. Moreover, the properties of the 
films, including their thickness, are  poorly controllable, due to limitations of the deposition method.  
In this work we focused on fabrication of a compact optical fiber sensor based on Fabry-Perot intrinsic 
interferometer for detection of alcohol vapors. Such a design offers a simplicity and a short response time 
[6]. In this approach, the ZnO film forming the interferometric cavity is deposited on the end-face of a 
single mode optical fiber using Atomic Layer Deposition (ALD) system. The ALD was developed for 
fabrication of thin film electroluminescent displays, and since then, it has become a part of standard 
processing in advanced semiconductor industry. The ALD method is currently assumed as one of the most 
promising thin film deposition technique for fabrication of nano-devices. Advantages of films deposited 
by ALD over other techniques are their high quality and a great control in resolution of their thickness 
down to atomic level. The method offers possibility to uniformly cover large areas, including developed 
surfaces like porous materials or nano-structures [7, 8]. It can also be used for deposition of a high quality 
and uniform thin films on cylindrical shape of optical fibers, due to the fact that, unlike other thin film 
deposition methods,  i.e., sputtering, the film is being deposited all around the structure. 
2. Experimental details 
For the fabrication of the sensor we used single mode fiber (Corning SMF-28). Outer polymer coating 
was mechanically stripped off and its end-face was cleaved. After cleaning in isopropanol the zinc oxide 
(ZnO) thin film was deposited on the fiber samples and reference silicon wafers using the Savannah-100 
reactor from Cambridge Nanotech ALD system. In these processes was used water and diethylzinc as a 
oxygen and zinc precursors, respectively. Thickness of ZnO films in the range of 40 nm up to 220 nm was 
changed by controlling number of cycles of the ALD process. Properties of the ZnO films including their 
thickness, refractive index (n), and extinction coefficient (k) were measured on reference silicon wafers by 
means of Horiba Yvon UVISEL spectroscopic ellipsometer. Moreover, the thickness of the deposited 
films has been directly controlled  on the fibers, by cleaving some of the samples and measuring the 
thickness at the fiber cross-section using Hitachi SU-70 Scanning Electron Microscope (SEM). 
The sensor response to isopropanol vapors in the wavelength range from 1480 nm to 1640 nm was 
measured using setup shown in Fig. 1. White light source Yokogawa AQ4305, optical circulator and 
optical spectrum analyzer Yokogawa AQ6370B were used. The response of samples with a different ZnO 
film thickness (40, 160 and 220 nm) to isopropanol vapors was measured (exposure time up to 10 
minutes).  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Scheme of the experimental setup applied for alcohol vapor measurement. 
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3. Results and discussion 
Examples of the measured thickness and optical properties of the deposited ZnO thin film are shown in 
Fig. 2a and 2b, respectively. It was found to be a good correlation between thickness of the films 
measured on the optical fibers and silicon wafers. The ZnO films exhibit negligible absorption, which is 
represented by k, and n above 1.9, both  in infrared spectral range. 
(a)      (b) 
Fig. 2. Properties of the deposited thin ZnO films, where (a) shows SEM image of a overlay deposited on the surface of the fiber 
when its cross-section is investigated and (b) refractive index n and extinction coefficient k of the 40 nm thick ZnO film. 
 
   
(a)      (b) 
    
(c)       (d) 
Fig. 3. Influence of the isopropanol vapor exposure time on the sensor response, where ZnO film thickness is (a) 40, (b) 160, (c) 220 
nm and (d) shows interference fringe wavelength shift in time for sensors with these thicknesses. 
 
160 nm 
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From the optical point of view, the sensing mechanism is based on Fabry-Perot cavity formed at the 
fiber end-face [6]. In our experimental setup, the part of light propagating in fiber, due to high-refractive-
indices contrast is reflected at the fiber-film interface and part at the film–air/vapor interface. These two 
light beams interfere with each other creating interference spectrum observable at optical spectrum 
analyzer. Exposure to alcohol vapors modifies reflection conditions by both change in n of the ZnO film 
[5, 9] and increase in surrounding refractive index [1]. A visible interference pattern can be observed after 
certain isopropanli vapor exposure time. The effect for three samples with different ZnO thickness is 
shown in Fig. 3a, b and c. The pattern shifts towards shorter wavelength with the vapor exposure time. 
When the ZnO film is thinner, the visibility of the fringes is low, but the response time is very short. With 
the increase of the film thickness the visibility increases, but simultaneously the sensitivity decreases. The 
fringe wavelength shift for samples with different ZnO thickness is shown in Fig. 3d. The sensitivity for 
samples with 40, 160 and 220 nm in thickness films reaches –2.70, –0.78 and –0.11 nm/s, respectively.  
4. Conclusions 
A simple optical fiber alcohol vapour sensor has been developed. Thanks to application of the ALD 
method we were able to deposit high quality ZnO films with a great control in their thickness. The film 
deposited on the fiber end-face forms Fabry-Perot resonator cavity which optical properties depends on 
presence of alcohol vapours. It has been shown that the thickness of the ZnO film have a significant 
impact to spectral response of the sensors.  
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